In claudicants with arteriosclerosis obliterans admitted for vascular surgery, Buerger's test was compared with other indicators of lower limb ischaemia. Rest pain, gangrene, trophic changes, and chronic erythromelia were significantly commoner and more distal pulses were absent in Buerger positive limbs. Doppler and transcutaneous oxygen pressures and indices were significantly lower in Buerger positive legs. Significantly more occlusions were noted on arteriography in arteries distal to the adductor hiatus in the Buerger positive group.
Introduction
In 1924 Leo Buerger described his eponymous test for lower limb ischaemia involving observation of colour changes of the foot during elevating and lowering the leg-, A positive result suggests a major artery occlusion and is indicated by pallor on elevation, best seen on the sole, with a reactionary hyperaemic flush over the dorsum of the foot on lowering. There is no such colour change in a normally perfused leg during this manoeuvre'.
Various modifications to Buerger's test such as time limitations, angle of elevation of the limb, or exercise have been recommended/r' and consequently there is no consensus for a standard test. Many clinicians use a version of Buerger's test in assessing possible ischaemia and the test is usually included in student teaching. However, to our knowledge, Buerger's test has not been validated in comparison with modern investigative techniques.
Since Buerger's test is simple to perform, is there a case for it to be a standard part of the routine clinical assessment of vascular surgical cases? This study was undertaken to determine whether Buerger's test is indicative of significant peripheral vascular disease when compared to other commonly used assessments.
Methods
The patients were a consecutive series with Buerger positive or negative legs admitted under one surgeon for vascular surgery. All had disabling claudication and additional rest pain or digital gangrene were noted. Patients with causes of ischaemia other than arteriosclerosis obliterans were excluded and all consented to the study. Data were collected for 30 Buerger positive and 25 negative limbs, the groups were well matched for age and sex: mean ages 64 and 66 years, range 48-81 years; with four and six females respectively.
Limb hair loss, trophic changes, and the permanent, distal, dusky red flush in ischaemic legs, which Buerger termed 'chronic erythromelia', were noted", Femoral, popliteal, posterior tibial, and dorsalis pedis pulses were marked as either present or absent thus avoiding difficulty in quantifying pulses.
Arteriography is essential for the planning of appropriate surgery and its accuracy may be improved by multi-directional views and scoring systems". Translumbar aortography was undertaken in all but two patients, one of whom had a femoral arteriogram. Occlusions in three consecutive segments were noted: aorto-iliac, thigh (inguinal ligament to adductor hiatus), and distal arteries.
Doppler ultrasound has a range ofclinical applications including systolic arterial pressure measurement". Doppler pressures were measured for posterior tibial, dorsalis pedis, and brachial arteries in resting, supine patients and index values calculated as previously described", Tissue oxygenation measurement (TcPoz) by surface electrode? has recently been applied to arterial disease 8 ,9 although its accuracy has been challenged'", TcPo z values were measured in resting patients, supine and seated, in a draught-free, warm room (20-23°C) using a Clark-type electrode at 45°C (Radiometer TCM2, Copenhagen). Values were obtained from the dorsum ofthe foot 10 em proximal to the hallux tip, on the ankle 5 em above the medial malleolus, and on the mid-volar forearm. The skin was cleaned with acetone prior to fixation of the selfadhesive electrode and 20 min allowed for equilibration. Transcutaneous oxygen index (Tcozl) values were calculated as described previously!'.
Buerger's test was undertaken as originally described': with the patient supine the legs are elevated approximally 60°while the soles are observed for pallor. The legs are then allowed to hang vertically down and the feet observed for a dusky red flush spreading proximally from the toes. In both phases of the test the colour changes were obvious within 2 min.
Data were compared using the Mann-Whitney U test for unpaired data or the chi-squared test with Yates' correction.
Results
The occurrence of symptoms and signs of ischaemia in Buerger positive or negative legs are compared in Table 1 . Rest pain, digital gangrene, trophic changes, and chronic erythromelia are all significantly more common in Buerger positive limbs. Indeed, gangrene and erythromelia were not found in Buerger negative legs. Hair loss was present in 88% of patients overall with no difference between the groups. 
Discussion
The patients were a selected group admitted for vascular surgery so it is not surprising that all had so many positive features of ischaemia. Despite this, the Buerger positive group had significantly more severe disease as assessed by symptoms, trophic changes, peripheral pulses, arteriography, and Doppler and transcutaneous oxygen measurements. Rest pain and gangrene occurred almost exclusively in the Buerger positive group. Table  4 . Both ankle and foot pressures and indices are significantly lower in the Buerger positive patients. Each group, however, had a wide scatter of values with considerable overlap between the groups. Figure 1 shows the relationship between TcPo 2 and the position of the limb. At both measurement sites in all legs there is a significant increase in TcP~in the dependent position compared to supine. This increase is of similar magnitude in all cases (average TcPo 2 rise=13.5 mmHg, average rise in Tco2I=O.23). Table 2 compares palpable pulses and arteriographic occlusions in the two groups. In Buerger positive legs significantly fewer pulses were palpable distal to the femoral. There is no difference in the proportions of palpable femoral pulses nor of thigh or aorto-iliac occlusions. No distal occlusions were seen in Buerger legs but were present in approximately one-third of Buerger positive limbs. Thigh plus distal occlusions occurred in four Buerger positive legs and one had occlusions in all three segments, in this patient all of the other indicators of ischaemia were present, including gangrene.
Doppler pressures and indices are shown in Table 3 . Tibialis posterior and dorsalis pedis pressures and the ankle/brachial index are reduced in all of the patients but are highly significantly lower in the Buerger positive group. Among the parameters studied only hair loss was a poor indicator ofthe severity of ischaemia and this seems to be generally accepted despite the continued appearance of the sign of hair loss in standard texts. The natural absence of either foot pulse in approximately 9% of 'normal' people 12_ may have contributed to the very low proportion of foot pulses palpable in both groups.
The calculation of the transcutaneous oxygen index!' may compensate for individual variations in tissue oxygenation'" but has little effect on our results. Despite the statistically significant difference between the groups there is considerable overlap in the ranges of TcPo 2 and Tco2I values. In our hands, measurement of TcPo 2 seems rather imprecise-? and calculation of Tco2I brings little improvement.
It is noteworthy that an increase in ankle and foot TcPo 2 and Tco2I was seen in all patients on changing to the dependent position and this was of similar magnitude to previously reported figures-s. This improvement in tissue oxygenation explains the behaviour of many arteriopaths who obtain relief from rest pain by sitting or standing.
Also noteworthy is the finding of significantly more distal or multiple occlusions on arteriography in the Buerger positive group. Traditionally, a positive Buerger's test is regarded as evidence of a major artery stenosis':". This view may need to be refined to especially include obstruction of the popliteal artery and its trifurcation.
In summary, Buerger's test is quick to carry out, straightforward to interpret, and adds little extra time to a routine patient assessment. Our results show that a Buerger positive limb is more likely to be severely ischaemic although a negative test does not exclude significant ischaemia. A positive test indicates distal or multi-segment arterial disease. Buerger's test is, therefore, a useful adjunct to the routine clinical assessment of claudicants when deciding on the need for further investigation but does not remove the requirement for objective tests such Journal of the Royal Society of Medicine Volume 82 December 1989 731 as Doppler studies and arteriography for the decision on further management.
